the persons involved as well as for the economy must be considered crucial 2) . A wealth of empirical studies on different contextual risk factors for commuting accidents is currently available, and some of these studies need to be mentioned within this context. Some authors found that young people in particular have a higher risk to be involved in commuting accidents compared with older people, with this increased risk reaching statistical significance when these young employees are under 25 yr of age 3, 4) . With respect to gender as a potential risk factor regarding commuting accidents the data of Salminen 5) indicated that women had a 1.4 times higher frequency of commuting accidents compared to men. Commuting accidents take place more frequently under environmental conditions of darkness, snow and rain, in particular in winter time 6) . Harrison et al. 7) showed within their analysis of 1,544 lethal work and commuting accidents between 1982 and 1984 in Australia that most of the lethal commuting accidents happened in the early morning and late evening hours. Concentrating on the means of transportation most of the studies agree that motorcyclists and pedestrians have a higher risk for commuting accidents with severe and often lethal consequences than any other mean of transportation 8) .
However, only few authors have focused on sociodemographic risk factors in combination with occupational risk factors related to commuting accidents. There is also a lack of studies which draw attention to the consequences of these accidents in terms of work inability. The present work presents data related to the frequency of commuting accidents in a German chemical company concentrating on specific risk factors and on the duration of work inability as a major consequence of these accidents.
Subjects and Methods
The analysed data included all casualties of commuting accidents within a major chemical company in Germany between 1990 and 2003. The following variables associated with the registered commuting accidents were examined:
1. Socio demographic data: age; gender. 2. Occupational data: working-time model (day work, rotating shift work, part-time); professional position (blue-collar worker, white-collar employee, apprentice) 3. Accident specific data: time, day and month of occurrence, direction of the route (route to work, route from work site to employee's residence); means of transportation (pedestrian, bicycle, car, motorcycle, public transportation).
Duration of work inability
With respect to the mentioned variables concerning age, gender and occupation, the data of the accident sample was analysed with respect to the company's workforce as the reference population. The comparison with this reference population permitted us to determine groups with a high accident risk. Rates of accident frequency are presented as accidents per year and per 1,000 employees. Accident rates and the absolute frequency are presented in cross-classified tables.
Variables were explored concerning their influence on the duration of work inability in a multivariate cumulative logistic regression model 9) . The response variable was the duration of work inability as indexed by categories (0, 1-3, 4-14, 15-28, and 29 or more days). Multivariate adjusted as well as crude Odds Ratios and their 95% confidence intervals are presented as risk estimates. All variables described above were regarded as potential confounders and were analysed within the model. In addition, potential interactions between age and gender, working-time model and age, means of transport and age, means of transport and gender, means of transport and time of day, and the direction of route and time of day were added to the model after backward selection (level of significance was set and kept at p<0.05). The data were analysed by using SAS software.
Results
Over the time period between 1990 and 2003, 5,484 commuting accidents were registered by the company. Table 2 displays the number and rates of commuting accidents for males and females and different age groups. The rate of commuting accidents was higher in the age group under 25 yr (13.3 per 1,000 employees and per year) compared with the age group from 26 to 45 yr (8.1) and the age group from 46 to 65 yr (7.0). Females (9.9) had a slightly higher rate in experiencing commuting accidents compared to men (8.2) .
Separate analyses were conducted for males and females for five age groups (under 25 yr, 26-35 yr, 36-45 yr, 46-55 yr, 56 yr and above). No significant differences in the frequency of commuting accidents for males and females depending on the age group were detected, with the only exemption of higher rates of commuting accidents in female subjects in the age group under 25 yr compared to men in the same respective age group (Table 3) . 2) Working-time model and occupation Table 4 presents the rates of commuting accidents for different working-time models and occupational groups. There were no significant differences regarding the working time model, except for a smaller accident rate for employees working part-time which needs to be seen in the context of less working days in this particular group. Focusing on occupational groups the rates of commuting accidents for blue collar workers (9.9) was moderately higher than for white collar employees (8.2). In comparison to these two groups apprentices had an increasing rate of commuting accidents (13.4) . This rate was about the same as the rate for employees under 25 yr, reflecting the age group most of the company's apprentices belong to.
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Industrial Health 2010, 48, 164-170 Accident specific variables 1) Time of occurrence and direction of route Regular commuting hours generated two accident peaks depending on general work rhythms. One peak was in the morning hours between 6:00 a.m. and 8:00 a.m., the other peak appeared in the late afternoon between 5:00 p.m. and 7:00 p.m. On Monday and Tuesday most accidents took place (20.7% each day). Just 6.9% of the accidents happened on Saturdays and Sundays. There was a higher proportion of commuting accidents during winter time from November to March compared to summer time (May to September). In terms of the direction of the route the number of accidents taking place on the way from the residence to the work site (60.8%) was much higher compared to the number of accidents happening on the way from the work site to the residence (39.2%). A descriptive analysis of the accident sites indicated that a major proportion of the commuting accidents (n=1.452) took place within a radius of 500 metres from the company. Most of these were car accidents and bicycle accidents.
2) Means of transport
Most commuting accidents happened while commuting by car (33.1%), followed by bicycle accidents (30.5%). Only 2.0% of commuting accidents took place while commuting on public transportation. A rough estimate of the accident rate concerning means of transport was possible by comparing the actual accident data with data from a survey conducted in 1998 examining the means of transport used by the company's workforce. Table 5 displays the relative frequency of commuting accidents by means of transport and the distribution of means of transport in the company's work population in 1998. A higher proportion of commuting accidents involving pedestrians, bicyclists and motorcyclists was detected.
The distribution of means of transport by age and gender is presented in Table 6 . Females more often had an accident while commuting by car and as a pedestrian compared to males. The frequency of bicycle accidents and motorcycle accidents was higher for males than for females. Most of the persons under 25 yr were involved in a car accident, whereas most of the persons in the age group between 36 and 65 yr had a bicycle accident.
Work inability
Thirty-three point eight persent of the commuting accidents did not result in work inability. 12.6% of the commuting accidents led to work inability of 1 to 3 d. In 24.2% of the cases a commuting accident resulted in work inability for a period of 4 to 14 d. 14% of the casualties were unable to work for 15 to 28 d. 15.4% of the commuting accidents led to work inability of more than 29 d. Ten people were killed in an accident. The interaction between means of transport and age and the interaction between means of transport and time of day were included in the multivariate model after backward selection. The crude and adjusted Odds Ratios are illustrated in Table 7 for the variables with no interaction in the multivariate model. No differences between males and females in the duration of work inability were found after adjustment for the other variables in the model. While longer work inabilities were recorded for employees working in rotating shift in comparison to employees working in flexible time (OR crude =1.6), this difference could not be observed after adjustment (OR adj =1.1).
Regarding the area of operation adjusted for the other variables only employees working in research had longer work inabilities than employees working in the administration (OR adj =1.4). A longer period of work inability was still present for blue collar workers after adjustment in comparison to white collar workers (OR adj =1.9). Accidents on the route from the work site to the worker's residence more often resulted in a longer work inability than accidents on the way to work (OR adj =1.28). A shorter period of work inability in comparison to car drivers (Table 8 ) was observed for bicyclists as well as for employees aged under 25 yr (OR adj =0.6), and for employees aged between 26 and 45 yr (OR adj =0.7). No difference between car drivers and bicyclists existed for employees at the age of 46 yr and beyond. In contrast there was no difference between car drivers and motorcyclists in the youngest age group, but there were longer work inabilities in the age group between 26 and 45 yr (OR adj =1.7). In particular, this relationship was observed for older employees at the age of 46 yr and beyond (OR adj =3.2). Shorter work inability was observed for commuting accidents with public transport (OR crude =0.7) than for car drivers. The difference was smaller after adjustment for the other variables. An increase in work inability depending on increasing age was observed over all means of transport (data not shown).
Longer work inability was observed when the accidents happened at night (7 p *Confidence interval does not include 1. Values above 1 indicate groups with a tendency for longer work inability than the reference category, values smaller 1 indicate a shorter period of work inability. * 2 Adjusted for sex, age, working-time model, area of operations, occupational group, time of day, weekday, month, direction of route, means of transportation, the interaction between means of transportation and age and the interaction between means of transportation and time of day. * 3 given in more detail in Tables 8 and 9. longer period of work inability following accidents between 7 p.m. and 7 a.m. in comparison to accidents that happened in the daytime (Table 9) .
Discussion
The present study identified groups at risk for commuting accidents. A major finding of this study was that the highest rate of commuting accidents was found in the age group under 25 yr in comparison to other age groups. This finding is in line with other studies showing a high incidence of commuting accidents in the age group under 25 yr 10, 11) . In our study young employees were more often involved in car accidents compared to other means of transport. Consequently, the development of prevention strategies, in particular designed for young car drivers such as traffic safety training programs, could be considered in future research. A further finding was an increase in work inability concerning older employees which could be partly explained by longer regeneration processes in these age groups. However, no higher frequency of commuting accidents was found for older people, but the consequences of these accidents are much more severe in this age group compared to younger people. The rate of commuting accidents for females per 1,000 employees per year did not differ from the rate of commuting accidents for males. Moreover, there was no difference in the duration of work inability as regards males and females. Separate analyses conducted for males and females with respect to different age groups indicated higher rates of commuting accidents for the female subsample in the age group under 25 yr in comparison to males of the same age group. Following this train of thought the findings of the present investigation draw attention to young females under 25 yr constituting a group at risk for commuting accidents, and provide preliminary evidence for a process of risk assimilation between the two genders in this particular age group.
There were no differences found between the rates of commuting accidents concerning the specific working time models. However, the rate of commuting accidents was much higher for apprentices. A longer period of work inability for blue collar workers in comparison to white collar workers was also observed. In the light of these findings it needs to be considered that work inability might be shorter for white collar workers as some injuries might not hinder them from doing their work in an appropriate manner, while blue collar workers would be expected to need more time to recover until they are capable to fulfill their tasks. Most of the accidents took part during winter time, which is in line with the results of previous studies 12) . A closer look to the accident sites showed that a huge part of the accidents happened within near distance from the company. The identification of particular "risk sites" could be subject to further investi- gations in order to minimize accident risk (for example by certain structural changes). Focusing on the means of transport not only a high frequency of accidents by car was registered, but also a relatively high number of bicycle, motorcycle and pedestrian accidents were observed. Compared to all other means of transport, commuting by public transport seems to be the safest. The rate of commuting accidents using means of public transport such as bus or train was very low. This finding corresponds with the German accident statistics 13) and other studies about commuting accidents 14) which enhance the low accident risk in public transportation compared to other means of transport. The offer of "job tickets" which allow a reasonable utilisation of public transportation could be mentioned as a possibility of creating a financial incentive for using public transport. Another alternative is the implementation of shift busses allowing the employees to commute at times adjusted to their working shifts. Concerning the groups of motorcyclists and bicyclists the implementation of driver safety training and the encouragement of wearing a bicycle helmet should be taken into consideration.
Our study does not provide precise data on working conditions and specific occupational risk factors, for example time pressure or the experienced stress on the job. Future studies should focus on in depth analyses of cognitive, emotional and behavioural risk factors of commuting accidents, for example experienced work load, working climate etc. in order to provide a wide frame for accident prevention. Such detailed information could not be gathered in the present retrospective study and must be considered as a limitation, with this information being necessary for designing more effective interventional strategies in order to reduce the risk for commuting accidents.
